The soluble copper silicate (CS) MIC of 100 strains of methicillin-resistant Staphylococcus aureus and 100 strains of methicillin-susceptible S. aureus (MSSA) was 175 mg Cu/liter. Bactericidal and postantibiotic effects (>1 h) were seen at 2؋ MIC and 4؋ MIC. The frequency of mutation was <10 ؊9 , and serial passage could not extend growth beyond 1.6؋ MIC.
Staphylococcus aureus is a commensal bacterium and also a major human pathogen. It may be carried transiently on the skin or for several months in the mucus membranes of the nasal passages. People who persistently carry S. aureus are at an increased risk of subsequent infection (12) . Topical antibiotics, such as mupirocin or neomycin, have been used to eliminate S. aureus carriage in high-risk groups of hospitalized patients (6, 13, 14) .
In nature copper silicate (CS; chrysolla) is an insoluble, amorphous blue-green mineral found within copper ore bodies. A novel, solubilized form of CS has been developed by Convé PLC as a topical antimicrobial that contains 0.28% (wt/wt) as copper, or 2,800 mg Cu/liter. The CS solution used in this study was manufactured by Patheon Inc. (Toronto, Canada) on 12 December 2005.
The 200 isolates of S. aureus and S. aureus ATCC 29213 used were obtained from the PathWest Laboratory Medicine WA (Nedlands, Western Australia, Australia) culture collection of bacteria isolated from normally sterile anatomical sites. All clinical isolates were identified by microbiology staff at PathWest Laboratory Medicine WA using standard techniques.
The MIC was assayed in Mueller-Hinton broth (MHB) using the Clinical and Laboratory Standards Institute (CLSI) guidelines for susceptibility testing of aerobic bacteria by broth microdilution (3). The copper concentration was taken as the known amount of copper (wt/wt) in the CS solution and did not necessarily reflect the free copper ions available in the MHB. Time-kill kinetics showed that CS at the MIC was inhibitory. Bactericidal effects at 2ϫ MIC were strain dependent, as only MRSA 101 was inhibited, while a total kill (99.9%) of S. aureus ATCC 29213 was achieved in 28 min ( Fig. 1A and B) . At 4ϫ MIC, a total kill for both MRSA 101 and S. aureus ATCC 29213 occurred at 28 min and 10 min, respectively ( Fig. 1A and B).
The capacity of CS to cause a postantibiotic effect (PAE) in MRSA 101, MRSA 102, and S. aureus ATCC 29213 was investigated. MRSA 102 was included, as it had a MBC of 700 mg Cu/liter, 1 dilution higher than that of MRSA 101 and S. aureus ATCC 29213. After a 30-min exposure to CS at the MIC, growth of MRSA 101 and MRSA 102 was unaffected. However, S. aureus ATCC 29213 had an extended lag phase of 2 to 2.5 h, and the time taken for the 10-fold increase was significantly different (P Ͻ 0.05) from the that for the control (Table 1 ). When exposed to 2ϫ MIC, all three strains took a significantly longer time than the control to increase 10-fold ( Table 1 ). The PAE was considered to be significant only when the corresponding time for the 10-fold increase in the viable count was significantly different from that for the control (P Ͻ 0.05). Therefore, a significant PAE was seen at the MIC with S. aureus ATCC 29213 and with all three strains at twice the MIC (Table 1) .
Spontaneous-resistance studies with mupirocin have shown that S. aureus produces a small population of resistant mutants, with MICs of 1 to 4 mg/liter, at a frequency of 1 to 4 per 10 9 bacterial cells (2) . In similar studies with CS at 2ϫ MIC and 4ϫ MIC, no resistant mutants were detected (Table 2 ). In serial-passage experiments to induce tolerance or resistance, a twofold increase in the MIC was recorded for two of nine phenotypically distinct isolates capable of growth at 275 mg Cu/liter (1.6ϫ MIC). Nevertheless, this did not represent a significant change in susceptibility as it was less than a fourfold difference. Thus, it appears that tolerance or resistance to CS cannot be readily induced in S. aureus.
The most intensive study of copper homeostasis and resistance in gram-positive bacteria has been with the enterococci (7, 8, 15) . Nothing is known of copper homoeostasis or resistance in S. aureus, though genomic sequencing has identified a putative copA gene in both MRSA and MSSA (5, 10, 13). The copper sulfate MIC range for Enterococcus hirae and Enterococcus faecium has been recorded at 127 to 508 mg Cu/liter (1, 9), a very similar result to that recorded for S. aureus in this study with CS. In enterococci, acquired copper resistance has been linked to a transferable plasmid that harbors the copper resistance operon (tcrYAZB), which increased the copper MIC sevenfold to 1,525 mg Cu/liter and also transferred resistance to tetracycline, kanamycin, and streptomycin, either singly or in combination with resistance to macrolides and glycopeptides (7, 9) . The plasmid also carried the transposable element Tn1546 (8) . S. aureus has acquired vancomycin resistance from an interspecies transfer of the Tn1546 element from Enterococcus faecalis (16) , but the possibility of the tcrYAZB operon being transferred in such a manner is unknown.
Mupirocin is the current agent of choice for MRSA eradication in colonized patients and health care workers (11) . Widespread clinical use of mupirocin has resulted in mutants with low (8 to 256 mg Cu/liter) and high (Ն512 mg Cu/liter) levels of resistance; the increasing prevalence of these mutants gives impetus to the need to find alternative topical antimicrobials for the control of MRSA carriage (4) .
CS has in vitro antimicrobial activity against of S. aureus, including MRSA. The data in this study suggest that topical formulations of this antimicrobial may be useful in nasal decolonization therapy and treatment of dermatological infections. Convé PLC has produced a topical cream formulation (0.22% Cu, wt/wt) that has been well tolerated by over 350 people in phase 1 studies. However, clinical trials would need to be conducted to see if these promising in vitro results are a true indication of the potential of CS.
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